e3eOoG @F6| TIS 9 1 METHOD FOR FORM NG A NI CKEL SI LI Cl DE LAYER
Has~, ~~o~~~as, Rw. E Technl cal Field s The present invention relates to
rret hods for mmmlmm silicide on silicon substrates and, in
particul ar, met hod for form ng nickel silicide on a silicon
substrate V\/ner ei*rvo13d+l i con oxide, if present on the substrate, does not
substantially inhibit the formation of the nickel silicide. Background Art
When form ng contacts on the source, drain, and gate regions of

‘conpl ementary net al -METHODFORFORMING AGNCKEL SHISIDEALAYER is conmon to
si mul t aneousl| E‘H‘E\rm self-aligned silicide (or salicide) on the source,

drai numwmu‘ﬂm egions. Sili aNes SHICONSUBSTRAT®eed device operation by
reduc t ance- capacitance (RC) tinme delay and constitute .,table,

| owr esi steam@e contacting structures. In this way, they help mnimze
source/drain series resistance and opti m se device performance. Titanium
(Ti) and colyakhnicSPrFieRd | i ci des are the nost conmonly used silicides.

However, it 1s diffrcult to forma lowresistivity phase on narrow |ines 20
using t1§ani um Sthi GiréGent MaAbr rBles R mitRodS (EORMrinG idke Wficid 8
results 1n large silicon consunption as well as high junction | eakage. In
addi tion, i silicodesulistrates mndli iarpartoulst,| fetatesstot hemethast ifall Someed niokdle

anneal ed at tenperatures arqund.700C .An.alte e silici whi, C an
a1'56- be. ueedIH oo axyifsos Sl Weerel Sl ode. i Briant P e Teke "y s
has a | ow r gigiesnaneabsétahtidif ikhibit th8Xormmstionodr the rickelehicidle. t enperatures in
the range of 400C to 700C. 'In contrast to conventional titaniumsilicide,
the sheet resistance of NISi is not affected by strong linewi dth effects.
An advantage Ni Si has over cobalt silicide is that for the sane silicide
thi cknesg, Packarsumaiion for its formation is only 80 % of that 3o for
cobalt silicrde. The Tower Si consunption of N Si is particularly 2

advant ageous for \When Usfniny éBntaes oM ttheUsdlirkeS rbin, f &% UReStefisnsidice
this alleviates the stringent constraints on salicide processes that result

from j unct i sampgmantacyimelgl-axida-semiceadicon CMOStransistans.sit isiseemmen

sensi tve 155 sTpBAnRRBEKd . oBlaE Rl Ficke, i baickde P b faylod eBeitha
interfacial apanjateiragions. sSifitides alleii foe high-gesed devicecspuratiom dyireduciag | ead
to rough interfaces and high diode | eakage on shal |l ow junctions. The

pr esencdbof r@%lé‘l@”ﬁﬁtanéthﬁ@QPeéRGh t'én%ldleﬁyoﬁnglf&'tsﬁ'ﬁ-tt@ dable; owWrasistancani bi t
the formtiq nPJctlﬂycé‘tﬁJctﬁlle's' C'Iﬁet‘ﬁh t’h‘%y ﬁ{]fe %ﬁk‘/ﬁd% rRel S as
e nirckel " fr o r eactin e sSi

a diffusion barrier, preventing t g wt icon.
The resistance and optimise device performance.

Titanium (Ti) and cobalt (Co) silicides are the most commonly used

silicides. However, it is difficult to form a low resistivity phase on narrow lines

20 using titanium silicide. In addition, the use of cobalt silicide often results in

large silicon consumption as well as high junction leakage. In addition, in order

to form Ti and Co silicides the materials need to be annealed at temperatures
around 700°C.

An alternative silicide which can also be used in the silicide process is

25 nickel monosilicide (NiSi). NiSi has a low resistance (15-18 u<) cm) and can be
formed at temperatures in the range of 400°C to 700°C. In contrast to
conventional titanium silicide, the sheet resistance of NiSi is not affected by
strong linewidth effects. An advantage NiSi has over cobalt silicide is that for

the same silicide thickness, Si consumption for its formation is only 80 % of that

30 for cobalt silicide. The lower Si consumption of NiSi is particularly



formati on of nickel silicide often fails in the presence of native oxide.
In this case, although nickel silicide formation may be achi eved using high
processing tenperature, e.g., 700C or above, the silicide fornmed is
dilicide with higher resistivity, but not the desired nonosilicide with | ow
resistivity. 15 The present invention provides a nethod for form ng nickel
silicide on a silicon substrate wherein &ilicon oxide, if present on the
substrate, does not substantially inhibit_the for ion of the nickel.
silicide. DAGYRARIAGPRUBION H§ g H%d%'_cﬁﬁ With jyltsd sgi%@&étwtenélzsse%?ﬁ this
LIVl on DefliRs RGO EohAhAT o, BhkiaL Biddesser thal sl ffom
silicon substrate conprising the steps of: (a) providing a silicon

substrat e hisnatignaleptin Sealing With lave pesistanog requissneentsf ni ckel all oy on the
substrate surface, the nickel alloy conprising nickel and an oxi de-reacting
materi al ; and 25Howevennthere age the nmajok ebnedrheor theenseaofiNiSie [Skd €1aSis, e
causi ng the pLckel in_the, nickel all L ayer to react with the silicon
Substr a8 aPUSF of ERSHIVEIN CoGPR; cRIPEYAAtOE, oM. Benatibient St 2 daia

wherein sil ieQBuinifadidl RritafiHa g_hltaﬁ a%lhéﬁ«gé;gxﬁ%.s BOEh Lot RMEBh! Y

inhibit the Tormation of the nicke il1cide r. 3 Preferably, the

ni ckel al | ogahdsad fo wugh idtepfaces and high dindedeplagelos shabow junationer ei n t he
oxi de-reacting material in the nickel alloy substantially inhibits the
formati on of ni cRidle preisepse oh stihle netipe sxitlesuon s silicon stibstibleysuhstantially

i de- ting, material i | d f he, 5 isti f:
o i i it e o of BikeL Shighb S i isHiakaied e pRalivs o acts b8
80- 98% Rpckel damdion BQﬁ@e?,XbFlﬁ/ehﬁﬁ?tthégniﬂﬁéleﬁ'éﬂ red¥Bhg WitIEftIeé &fillcon. t Te

ni ckel alloy layer conprises about 95% ni ckel and about 5% oxi de-reacting
mat eri al . Pfesmation ¢f nickel sitieige aiftemnfailalinrthetpresenge of mative loxidaubdn thise

conprises a | ] . er r in rQ t o) . re
pref erably, r&ggg é'@ﬁhﬁ'g‘ﬁéﬁ%%?ﬂ@%pﬁﬁ% &ﬁ(ﬁ’{ahﬂeg%gju%és}&&gf@ B'Z?%%g?@g{s)
anneal i ng atermpeRRi®, W.6S T0DICI oY abowen teosilicide0Grined 58 0dilicide VAtre fragtat! v,
the step of depositi ng the | ayer of the nickel alloy on the substrate
surface conmpe$igddtygby B?ttthﬁgjetsﬂ’@dI’B@@S"W%"Vitbdq’l\ﬂirﬁéét"éb’l- ected from (a)
sputtering; (b) e-beam evaporation; and (c) therml evaporation.

2
Alter natipvel y. . HEERESSBE INNPRIAIPIRYIdES  MeRdSAn ARG Nkl AUCESSN Aace
conpri ses t%ﬁicéhgﬁfnsﬂfa'te (A?r?er ih%ili%’c?r?%xﬁ‘i é'#O h%ﬁ?&ﬁiﬁé‘%ﬁb&%ﬁb”%o@s%ﬁ ace,

and (b) grow ng ayer of chem¢c oxl strate surface.
substantially inhibit the formation of the nickel silicide.

Disclosure of Invention

20 In a first aspect, the present invention provides a method for forming a

nickel silicide layer on a silicon substrate comprising the steps of:
(a) providing a silicon substrate having a surface;

(b) depositing a layer of nickel alloy on the substrate surface, the

nickel alloy comprising nickel and an oxide-reacting material; and

25 (¢) annealing the nickel alloy layer and the substrate causing the
nickel in the nickel alloy layer to react with the silicon substrate and form a
nickel silicide layer on the substrate surface and wherein silicon oxide, if
present on the surface, does not substantially inhibit the formation of the nickel
silicide layer.



Preferably, the step of growing the |layer of chem cal oxide on the 25
substrate surface conprises growing a |layer of silicon oxide to a thickness
of about 5-20A. More preferably, the step of growing the |layer of silicon
oxi de on the substrate surface conprises growi ng the layer to a thickness
of about 1213A 4 Preferably, the annealing step conprises annealing the
ni ckel alloy |ayer, the chem cal oxide |dyer and the substrate thereby
causing: (i) the oxide- rea tin teri I in the njckel all|oy |ayer to react
with the chem cal @?P@Yaﬁ'@r ”?QB‘@@?' aMPTf%%‘F%rderPQﬁB?‘i b %na'i r?é‘PQSe
Substrate s f (s étfégg JBd t

bet ween theggﬁ?%apgzﬁé}%@ ﬂ#%t(gﬁa anﬁ%e‘m‘gﬁilr H‘“ﬁa O)Igc:ledélﬂi‘y @chkel
at ons from irthibits thiedbrrastiaryof pigkel axides o treexposadggurtace. di f f usi on menbr ane
and react with the silicon substrate to forma 1 o nickel silicide |ayer on
t he substrat e surPeaferabignéee roxides refidtings maternaniy aetectéd dranathe/,grobp

ni ckel atons di.ffuse through the diffusion nenbrane substantially

uni form¥. 9?@?'%?%?@7 the nickel silicide layer is a substantially flat

ni ckel silicide léﬁl a;f_ In a second aspect, the present invention

provi des a nodi fi sil tARIYAY Adst r at e conprising a silicon substrate having
a surface and a |l ayer_of nickel silicide on the substrate surface, the
nodi fi ed substrat gy)haﬂ-?ﬁ l¥Ben for med by the first aspect of the present
invention. 20 In a thi rd aspect, the present invention provi des a nodified

silicon subst r at e PERfRANIG the: n'("éﬁ' %loé’l layehrorpHses 8093vanickel aa%?TQé)c/e (b)

a | ayer of n t d?#@]i

| ayer havi ng Iéégrjr?a t"l'%@(?q %ﬂé] é\g&% @%B_ﬁ 'gf ﬁezglﬁgé‘%b Ig.&frr& ﬁ %q oy O

t he subsmra95°/«smckalcmdalasomt|5%eix1d£|-tec@ctlngmmteﬂahg ni ckel and an

oxi de-reacting material; and (ii) annealing the nickel alloy |layer and the

substrat e, therebfPreferably, the step of annealing the layer and the substrate comprises
annealing at temperatures ranging from about 400°C to 700°C. More
preferably, the step of annealing the layer and the substrate comprises
annealing at temperatures ranging from about 450°C to 550°C.

15 Preferably, the step of depositing the layer of the nickel alloy on the
substrate surface comprises depositing the layer by a technique selected from:

(a) sputtering;
(b) e-beam evaporation; and
(c) thermal evaporation.

20 Alternatively, the step of providing a silicon substrate having a surface

comprises the steps of:
(a) providing a silicon substrate having a surface; and
(b) growing a layer of chemical oxide on the substrate surface.

Preferably, the step of growing the layer of chemical oxide on the
25 substrate surface comprises growing a layer of silicon oxide to a thickness of
about 5-20A. More preferably, the step of growing the layer of silicon oxide on
the substrate surface comprises growing the layer to a thickness of about 12-
13A.



causing the nickel alloy layer to react with the substrate to 30 formthe
nickel silicide |layer on the substrate surface 5 wherein silicon oxide,
if present on the surface, does not substantially inhibit the formation of
the nickel silicide layer. Preferably, the oxide-reacting material is
selected fromthe group consisting of: (a) Titanium and (b) Tantal um
Preferably, the nickel alloy |ayer conpr#ses 80-98% ni ckel and 2-20%

oxi de-reacti ng mater, al

f bly, th kel all
about 95% i ckel - BrRlewbiut heyaPReRlG 8 .cawew@leérae@ngahp‘éettaﬁ of ke ~°°
I ckel silig l | d
ni cket sl 'fdg/@? tha¥Reries iR gerbéfn&‘ ﬁ&ggﬁ 98%‘@13 oy layer an

the substra at terrperatures rangi ng re preferably

the nickel silicig me%eﬁeﬁﬁ&‘%a%né‘ln eile ﬁi%%h@ %gg" ’“E

and the substrate at enperatures Tangl ng rom era
the nickel silicide | theechemcd wxidel ldyerdiepforit andiffusien meenbrané ari thdae

ni ckel alloy on the substrate surfagce a.tech elec ed from
Sput ter hg: (b) e beaRSHERIB SaEGR, (e @B ny HEMAGR 2 Dalsis g from the”
Alternatively, the ni pdeltiofi bbthicd h@/%&ldéﬁt%at:ﬁﬁémrﬁaié\ﬁal Hhd( fe ehem.&ung a

silicon substrate having a surface; and (b) growng a | ayer of chem cal

oxi de on the substratexideraade prior to depositing the |ayer of nickel
all oy on the substrate surface and annealing the nickel alloy |ayer, the
chem cal oxide | afigr aicket lahomstfsmmathe niekef allayllgyert toe diffuskethreigh dhele

| ayer was forned by g e substrate

surface to a thi cknesé?@fﬁ% the l a ereapbfvgﬁgb?flhcpﬂesﬁsﬁ'%q osfqrﬁnc?de

layer wag formed by grrwbnsiliéine |é@f%rn Pk subRifatrbufade] DepBathedithadiont €
surface to a thickness of about 12 to 13A. Preferably, the nickel silicide

| ayer was formed by afmesabriang.the nickel alloy |ayer, the chenical oxide
| ayer and the substrate thereby causing:
Preferably, the nickel atoms diffuse through the diffusion membrane

substantially uniformly.

Preferably, the nickel silicide layer is a substantially flat nickel silicide
15 layer.

In a second aspect, the present invention provides a modified silicon
substrate comprising a silicon substrate having a surface and a layer of nickel
silicide on the substrate surface, the modified substrate having been formed by

the first aspect of the present invention.

20 In a third aspect, the present invention provides a modified silicon
substrate comprising:

(a) asilicon substrate having a surface;

(b) a layer of nickel silicide on the substrate surface, the nickel

silicide layer having been formed by:

25 (i) depositing a layer of nickel alloy on the substrate surface the
nickel alloy comprising nickel and an oxide-reacting material;
and

(i) annealing the nickel alloy layer and the substrate, thereby
causing the nickel alloy layer to react with the substrate to
30 form the nickel silicide layer on the substrate surface



6 (i) the oxide-reacting material in the nickel alloy layer to react with
the chem cal oxide layer to forma diffusion nenbrane on the substrate
surface, the diffusion nenbrane being formed fromthe 5 reaction between
the oxide-reacting material and the chem cal oxide; and (ii) nickel atons
fromthe nickel alloy layer to diffuse through the diffusion nmenbrane and
react with the silicon substrate to fornba nickel silicide |layer on the
substrate surface, beneath the diffusiqgﬁ~o menbr ane.  Pref erabl t he

ni ckel silicide |ayer waswWheteSiligpn: fucR; Hcelesgpben Hs SUERGR éﬂ?%d’@ﬁ t he
di ffusi on nmenbrane subst agidhhdaivihhisi e forf=Riba R e nickBEsilidiG& Bveti | 1 Ci de
layer is a substantiall yaﬂ at nl}écgel IS|rl i cfocie ﬁ%ayer. ~m5 Tﬁsrlcljulgﬁmﬁ this
speci fication, un t -F@aﬂ!ﬁh EMALRET W SBiedid® SHhdthe hse",
or variations suc ?ezlfgréﬂg%rrpﬂ%]s(&de or 'cgrrpraﬁs':@lg}g vvﬁ I&ge under s%gﬂ)to

i nply the i oohaistimghobf a stated el enent, integer or step, or group of

el enents, integers or steps, but not the exclusion of any other el enent,
integer ®»r step, (@) gmitapiunf, apldenents, integers or steps. 20 Any di scussion
of documents, acts, materials, devices, articles or the |ike which has been
included in the p(9semantad@eni fication is solely for the purpose of
providing a context for the present invention. It is not to be taken as an

adm ssion that anpreferatlly, the nibleslaalioptibgescémprise80-38% tiiekedrar 2-20% base
or were comon general know edge in {he fiﬁ]ld rel evant to the present

i nvention a8Xxide-reacting materileNpre rrg rﬁ?'iyo Q'&ich%!t%béff'a\éeécq?"@ﬂ’ &% afouthi s
appl i cati Ongswnmk&%ﬁ%uttm oarogeifé&%ﬁhgm hgp may be nore clearly
orms w |l be desc

under stood, preferre scribed wth reference to the

foll ow drawi ng I e lvdeerhkatd i 1d19S
Fi gure T@i s a fl o&rgﬁgﬁ@?ﬁ?uﬁﬁﬂﬁn%ﬁa I 'rs(s% pr @E?rﬁﬁ%nﬁﬂlhgqggﬁul ng to
t he inventi alioy layprrarsl #hel sabstrateoat temapératurals randimgy froms 400°G tei T002En

bstrate hayi 5 ni ilicide | f dt ' tg th
Fi'rst pr of chiagh hretaehvofie M) sk FBE AR fmach By ERealing the Giptelar
|l ustratinggy l%?r@PBPId l?ﬁ@fsﬁbét?éte@&&ﬂﬂeﬁiﬁﬂsﬁbﬁgian‘rdrﬁ%5@"’@5{6@50’°O§/e”t' on;

Figures 6-9 are oss-sectional side views of a“silicon substrate having a

lo nickel silicidprémysly,l AbTRekdI RAICRRD I5eF Wl ffimed BN8eSESARG! te fdyrirr ed
met hod of the present I nvention; and Figures 10-13 arée cross-sectional side

vi ews ofi5 a obthsl minkeltalloy omethelsubstrate surfaasoby a taeB)ique aelectaddromavi ng a
| ayer of nickel silicide fornmed thereon according to the first preferred
met hod of the pre&dnt sputiening;on. 15
(b) e-beam evaporation; and
(c) thermal evaporation.
Alternatively, the nickel silicide layer was formed by:
20 (a) providing a silicon substrate having a surface; and
(b) growing a layer of chemical oxide on the substrate surface

prior to depositing the layer of nickel alloy on the substrate surface and

annealing the nickel alloy layer, the chemical oxide layer and the substrate.

Preferably, the nickel silicide layer was formed by growing the layer of

25 chemical oxide on the substrate surface to a thickness of 5 to 20A. More

preferably, the nickel silicide layer was formed by growing the layer of chemical
oxide on the substrate surface to a thickness of about 12 to 13A.

Preferably, the nickel silicide layer was formed by annealing the nickel
alloy layer, the chemical oxide layer and the substrate thereby causing:



Det ai |l ed Description Referring to Figure 1, there is showm a flow chart
illustrating the first preferred nmethod for formng a nickel silicide |ayer
on a silicon substrate according to the present invention. As shown in
Figures 1 and 2 the first step 20 involves providing 1 a silicon substrate
2 having a surface 3. As shown in Figures 1 and 3, the next step involves
depositing 4 a layer of nickel alloy 5 ofh the substrate surface 2. The

ni ckel alloy is made up of nickel and an oxide reacting material such as
‘titaniumor tantalum The follow ng description assunmes that the nickel
alloy is nickel titanium (N (Ti)). In 25 this preferred enbodi nent the
nickel alloy is nfile theopxidsoeactmymateral inathe aiskel ally layer e taact with

Al ternative conpositi i i chy: 0 | SES: t 0 93% t he
ni ckel alloy and ti tamﬁétsjr%hgg]\r‘rﬁbarl |C6sl(éd'l:~:lé g%dt&Ztyo?ﬁOﬁZ@'&@g@Ht H%%%Egl&glt %y may
al so be used. 8 Thesubstkaté sarfacy, thaydiffuSionampmbkrane beingdlepmedtframdhet he
substrate 2 by sputtering, e-beam evaporation gr the ma‘ evaporation to a

t hi cknes® of about 5 & Qﬁﬁetﬂéee@hmoﬁweﬁeéﬁﬁ%% materigl and; the gReMICE! e
invol ves annealing 6 phgesagRrigckel alloy layer 5 and the substrate 2. During
the annealing step any residual silicon dioxide (Si02) on the substrate
surface 3 reacts mith ! i it 1 a
titaniumsilicon >2i dgk?% g?gn;} , V\h{ehreehg:,kagl%gﬁ}%j Iayéar?beb Pﬁ%‘%gefr%srég?{eg?g]r
than or equal to 1 ) diffusics memtrabe and r@activithdheé fsilicoorsubpstrateatoefddmad | ows
a flux of nickel atons. to djiffuse fromthe nickel alloy layger,. 5 thraugh the
Gi £ usi on menbrane 8 TiRkg! SlOS e o Beibniats sutacs. eodhfiine dtighd

di ffuseqg hrough the di{dHsiape. menbrane they react with the silicon
substrate 2 to forma |layer of nickel silicide 7. This nickel silicide
layer 5 fornms bef‘P?éf@réBh?{ thel hiekePRilRRIPIARE ias Toen&d To5Ctrer ickerugdren of
residual oxide, it any, tThrough the nechani sm stated above assures the
format i on ofliffuisirigethreiigh theddiffasien membranepsuhstantialiyfunifesntiual oxi de at | ow
processing tenperatures (e.g., 450 to 500 C), thus inproving manufacturing
yi el d. The resul t Prefesablycther rickelssilididewiayar isiaysubstantialiynflat siskelasili¢idecon
substrate 2|u on which a substantially flat nickel silicide layer 7 is
formed. The'#®kel silicide | ayer has a thin Ti XSi YOZ di ffusi on nmenbrane 8

on top of it. The 20 unreacted rtion of the nickel alloy |aver.5 renains
on top §F the i TrGUoBRUh R SErBRElo aPleds Peredhif.RakBes R Wik ufP
al oy I ayer wordndohipfise!,| bEQBrigtidrss 'sBER as "comprises" or "comprising”, will be
understood to imply the inclusion of a stated element, integer or step, or group
of elements, integers or steps, but not the exclusion of any other element,

integer or step, or group of elements, integers or steps.

20 Any discussion of documents, acts, materials, devices, articles or the like
which has been included in the present specification is solely for the purpose of
providing a context for the present invention. It is not to be taken as an
admission that any or all of these matters form part of the prior art base or were
common general knowledge in the field relevant to the present invention as it

25 existed before the priority date of each claim of this application.

In order that the present invention may be more clearly understood,
preferred forms will be described with reference to the following drawings and

examples.



2 shoul d be perforned at tenperatures ranging from about 450C to 550C.
Tenperatures rangi ng from about 400C to 700C may al so be used. It will be
2s appreciated by those skilled in the art that these tenperatures are nuch
| ess than those conventionally needed to formnickel silicide (typically
around 700C) when residual silicon oxides are present. Figure 5 shows a
flow chart illustrating a second preferréd nethod according to the present
invention. The pain difference between this preferred 3o nmethod and the
previ ous pr S EFCHRYALQN e LNMINGsHhi s met hod i ncl udes an additional step
of growing a |layer of chem cal oxide on the substrate surface. Wen this
chenical oxi de rEigere Tvistahflewechart dlstiating atfitst prefersed anethod aggerdiag tog
subst anti al #ﬁ'e M%hﬁet;ﬁn di ffusion nmenbrane is fornmed which facilitates the
formation of a substdntially flat nickel silicide |ayer beneath it. The

steps and featurgs I0dh d. 0. ElLgg : Whi.C : | cal
reference as tho'g@urér}'g?i%%dc rjlo%s ﬁ?gﬂé"gﬁs s@%g@@séﬁé?ﬁ?%i%@%ﬁf%@ r%%o
common s epsickel Silitidet layers forAreds thenson mcBorling to Ihefitstoprefdreed nethodtafp i n
this second preferred nmethod involves providing 1 a silicon substrate 2
having a subieResent R¥eBlOMng to Figures 5 and 7, the next step invol ves
growng 9 a layer, of chem cal oxide 10 on the substrate surface. The | ayer
of chenical oxi deigute pds & Eaw chprtyllstratingra secand prefarredinethgd Agsording

t hi ckness of, ﬁ{%o‘zrtgs%ﬁfimeﬁf Thi cknesses of about 5-20A may al so be used.

Before growmng t Inc (Iaonq’cal oxi de | ayer 10, the substrate 2 may be

cl eaned by i mergi 1 i eI { QU

i nvol ves deposi tﬂquef gq‘glilee(:ﬁ%g?%%%ﬁé] sgqeggléﬁé o(?néagﬂ%&gaggﬁrégg )eﬂasﬁgfegce 2.
As descno bedickbbsiicidiet layereformedciheredn aocdrding to e peainel prefienred mosthod he

ni ckel all 0\6 Lﬁsﬁrrade ui% of .nickel and an oxide reacting material such as
titani um or Of Hi& RIESRN MNENWRN: 130 ng description assumes that the nickel
alloy is nickel tjtani Ni (Ti)). As.shown . in Figures 5 and 9, the next
step invol ves an%'@é.'[%ig]é‘("twg ?f)Péﬁ'éPCEq’rl‘%f@eay@WSSO{a%&o Bepey metab.
During the bi M PN i trate
sur fage 3 r CaGPLoet QRO farlsRHBF nalingia Riybt BEFiRE| Sficipd B hisieen 72
titani um si bccandingiodbe(firstysiefetedumethindof hegrdsentdneentioneger s great er than
or equal to 1 ) diffusion nenbrane 8. As descri bed above, the diffusion
menbrané58 allows a flux of nickel atons to diffuse fromthe nickel alloy

| ayer 5 through the diffusion nenbrane 8 into the silicon 25 substrate 2.
The reacti obetaitedcDescriiopl ace and the resulting structure, shown

Referring to Figure 1, there is shown a flow chart illustrating the first
preferred method for forming a nickel silicide layer on a silicon substrate
according to the present invention. As shown in Figures 1 and 2 the first step

20 involves providing 1 a silicon substrate 2 having a surface 3.

As shown in Figures 1 and 3, the next step involves depositing 4 a layer
of nickel alloy 5 on the substrate surface 2. The nickel alloy is made up of
nickel and an oxide reacting material such as titanium or tantalum. The
following description assumes that the nickel alloy is nickel titanium (Ni(Ti)). In

25 this preferred embodiment the nickel alloy is made from about 95% nickel and
about 5% titanium. Alternative compositions in which nickel comprises about
80% to 98% of the nickel alloy and titanium comprises about 2% to 20% of the

nickel alloy may also be used.



in Figure 9, are substantially the sane as those described wth reference
to Figures 1 and 4 above. One of the advantages of both of the above
met hods is that the diffusion nmenbrane 8 allows the silicidation reaction
to take place slowly. This slow 30 reaction rate results in a very snooth
interface between the silicon substrate 2 and the nickel silicide |ayer 7.
When used in very shaIIOM/junctlons t he8snoot h 10 silicide/silicon

interface greatly reduces tial for current |eak t her nore,
because. the ni ckaesiEkeh aley her B % raTBiaby fentiiien Ghobe SSHAe o bgr al n
boundary t h'sPuft@ﬁhE; S pbAnfe ﬁﬁoﬁ%'tﬁéﬁ{a?té\/aaofé?@n%aé‘%cms‘ Hméwlﬁs the
thermal stabl ity of the nicKel silicide film 5 Figures 10 to

illustrate ®ite &ppmi cation of the first preferred nethod in form ng a
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7. The porti 195’ {#mtoh@% @Eetﬁﬂgf 8&%rg@g?\g¥gg:&ﬁﬁrﬁgeylg sul ating regions 12
are unabletore the ., silicon su strateJ_Z duetothe reseneof t he

i nsul ating regi o éesugta g-hsér &"SI tqs‘n& oL &t Jr'gure as S %WIB” eenyo,
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in Figure 13nembeariea8t step in the process involves etching off the
unreacted nickel alloy layer 5 and the diffusion nenbrane 8 using an
appropri ate chenmTda stepadiamnetling éathe rackel atisy sayer Sland#he sifjcesmsubstratat e

d drai t ant flat f i i LiLci 7
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preferred nmethod, i1nvolvinhg 't ep of grow ng a | ayer of chem cal oxide
on the béur @@prgaaf@dabw thires aklﬂesgnmm artetjnatatmebtenumatures ang Imugle less

andl or - moai 1ANPERE" Sery ko, hesdBaEtd O, nBREESTERRIPRARCEEMRY 1 o

enbodi nent s AgoPGPwhedepsiduangli¢arooxitBe afPprddener scope of the invention as
broadly described. The present embodinments are, therefore, to be considered

in all respects gggirel BSthaws Ve fRwd dhaitt RStrating | & Second 2preferred method
according to the present invention. The main difference between this preferred

30 method and the previous preferred method is that this method includes an
additional step of growing a layer of chemical oxide on the substrate surface.

When this chemical oxide reacts with the titanium in the nickel alloy layer a



Clains: 1. A nethod for formng a nickel silicide layer on a silicon
substrate conprising the steps of: (a) providing a silicon substrate having
a surface; s (b) depositing a |ayer of nickel alloy on the substrate
surface, the nickel alloy conprising nickel and an oxi de-reacting material;
(c) annealing the nickel alloy |ayer and the substrate causing the nickel
in the nickel alloy layer to react with 8he silicon substrate and forma

ni ckel silicide | ayer on. the bstrate surface gnd wherein sil.jcon oxide if
bresent on EHBS@ORALE LINIGED <BIUSIOMSMEMETaNey 1§ AIBEY WRIST Jacilifes, B t he

ni ckel siliel 3 t ' efrg}
deposited, &%ﬁ!@gazﬁa Pgt%qﬁg%?ghggﬁg{]gl!algggg%&sﬁé@a%gwgngﬁeﬁé?‘g?%ﬁ?he
oxi de- r eact feafurest indicated in Eigurés 50 wihidch havethes sbimeamirnatital reférebce ast he

formati on of, nickel. gxides_on the exposed surface. 3. A nethod according to
o m 1 or - hdRerSiated df Bt Ge B e eRnith T  CORUNBR cREPF Bt he
group coasi $dAteLf: 20 (a) Titanium and (b) Tantalum 4. A nethod

according to any one of the preceding clains wherein the nickel alloy |ayer

conprises 80 to %‘V%ﬂ?\ﬁh% Pi%ﬂre’s 50ar@ %, OtheCfirst A6 IR AhdOsEBSRI bdferred A
met hod according to claim4 erein the nickel alloy |ayer conprises about
95% ni ckel amethaddunoleIs proiviging éacsilican swhsivdte 2 havingagurfacest hod accor di ng
to any one of preceding clains wherein the step of annealing the | ayer and
t he substrate comefesing tarfrigatasng and 7, éhe et stepsnvelves geowingr adayertaf

700C. 5 7. A nmethqd agcording to,claim6 _ wherein . the of anneal,ing the
| ayer and t fB€Q] thﬁfee?é&%&ﬁs%’.sbs Afe S 'aﬁ- h?é%@riﬁﬁ@'c?gmgﬁélof Ir‘g’om
450C t 01550@refRratly USRSt &€ &Micoh NEkid® qmmonﬁ aothitkifesar 6F adole 12118 %
wherein the 1 o step of depositing the Tayer of the nickel alloy on the

fsubst rate siihickeessesnafi gleutdBrs) tmay alse heapsedby Befersc growjing” the) deined
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| ayer of chetinikel akdyls opthielsuibstrats sufacesr idcdescliBed above with reference
15  to the first preferred method, the nickel alloy is made up of nickel and an oxide

reacting material such as titanium or tantalum. The following description

assumes that the nickel alloy is nickel titanium (Ni(Ti)).

As shown in Figures 5 and 9, the next step involves annealing 6 the

nickel alloy layer 5 and the substrate 2. During the annealing step the layer of

20 silicon oxide 10 on the substrate surface 3 reacts with the titanium and the
nickel alloy layer 5 to form a titanium silicon oxide (Ti.Si,O, where X, y and z

are integers greater than or equal to 1) diffusion membrane 8. As described
above, the diffusion membrane 8 allows a flux of nickel atoms to diffuse from

the nickel alloy layer 5 through the diffusion membrane 8 into the silicon

25 substrate 2. The reactions which take place and the resulting structure, shown
in Figure 9, are substantially the same as those described with reference to

Figures 1 and 4 above.

One of the advantages of both of the above methods is that the diffusion

membrane 8 allows the silicidation reaction to take place slowly. This slow

30 reaction rate results in a very smooth interface between the silicon substrate 2
and the nickel silicide layer 7. When used in very shallow junctions, the smooth



10. A .method according to claim9 wherein the step of growing the | ayer of
chem cal oxide on the substrate surface conprises growing a |layer of
silicon oxide to a thickness of 5 to 20A. 25 11. A nmethod according to
claim 10 wherein the step of growing the |ayer of silicon oxide on the
substrate surface conprises growing the layer to a thickness of 12 to 13A
14 12. A nethod according to any one of ®Wains 9 to 11 wherein the

ling st ling th kel alloy |a the, ch |
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Lo diffuse IMPEBYGH *a%ﬁ*edma?a&b&hv weRSERIERR e h the si1icon
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ni ckel sili almplm@ntammtaitm@dearamcm (GMQS)xtransister 18i 1 i ci de | ayer. 20 15.

A nodified silicon substrate conprising a silicon substrate having a
surface and a | aper shdwniiokeigusdd ilcade th iheefiatllﬁepdméolms fmoveidinshé a

nodi fi ed substr t e, havi n bee t he et hod d n an of
e ms st oPaiaycroppedftansshr B Thekgte' a5 slEoh Setials L, honifker 37

si | i conqgubgiduidtigRygichs B2 aHd aasghbéof arkdselrsy, daalﬁ@id Gafel r@gﬁfhso'fB t he
substrate surface, the nickel silicide |layer having been forned by: 15 -

(i) depositilAg2@. | ayer of nickel alloy on the substrate surface, ' the
ni ckel alloy conprising nickel and an oxi de-reacting material; and
anneal i ng the ni dkning| o@gw@?ér andd 1t the saKsstentiavolver depgsiting 4uailayert he

ni ckel all oyl r S f ci de
| ayer on t hg’f g‘%t raigg 53% %%&g?nugﬁé I%Zm %ﬁn Ré‘?f’“&’?gg% é'teﬂ k’g
surface, dogputieting Ltbbéamt ewé;iqratmsm bbithieriiz dvapordtioantoad thiblnevscdfedbout

silicide layer._ 17. A.nodified silicon substrate according to claim 16
wher ei n1® he dQlﬁ%P@acTh%Q'cﬂfﬁl @'Myaﬁyﬁ%c%‘@réé@%WW%MQtm'%%o%aegr%’iuﬁqq ‘ng

of: {a) Ti t@@iﬂf’ﬁhdﬁ n{rgéloﬁéqt?,a'i B0 of tﬁe#%rlhe y R @téﬁi %Pﬁfskdrcﬂn substrate

according t or-c mherel | ayer conprises

80 to 98% ni ckel 13fing fOFRRAILN dRd" PACIHe " HeXBLRD Mvolves annealing 6 the
entire transistor at temperatures ranging from about 450°C to 550°C.
Temperatures ranging from about 400°C to 700°C may also be used. During

20 the annealing step any residual silicon dioxide (S;O2) on the source gate and
drain regions 13,14, 20 reacts with the titanium in the nickel alloy layer 5 to
form a titanium-silicon-oxide diffusion membrane 8. As with previous
examples, the diffusion membrane 8 allows a flux of nickel atoms to diffuse
from the nickel alloy layer 5 through the diffusion membrane 8 into the source,

25 gate and drain regions 13, 14 of the silicon substrate 2. As the nickel atoms
diffuse through the diffusion membrane 8, they react with the silicon substrate 2
to form a layer of nickel silicide 7. The portions of the nickel alloy layer 5 on the
insulating regions 12 are unable to react with the silicon substrate 2 due to the

presence of the insulating regions 12.

30 The resulting structure, as shown in Figure 12, comprises a transistor 11
having a number of source, gate and drain regions 13, 14, 20 upon which a



19. A nodified silicon substrate according to claim 18 wherein the nickel
20 alloy | ayer conprises about 95% ni ckel and about 5% oxi de-reacti ng
material. 20. A nodified silicon substrate according to any one of clains
16 to 19 wherein the nickel silicide |layer was formed by annealing the

ni ckel alloy |ayer and the substrate at tenperatures ranging from400C to
700C. 25 21. A nodified silicon substratﬁlaccording to clain120 wherein the

ni ckel silici was, f or med b anneal i n h allo r _and
the substraﬁeganant'éﬁbﬁ@tamlek@ss"% e 78 fo e Thabver has eothin ThO:
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sputtering; e- beam evaporatl on; and (c) thermal evaporation. 23. A
nodi fi ed si Idlgglla%m%‘ﬂ 3[’@ ccordl ng to any one of claims 16 to 22 wherein

t he ni ckel S|I|C|dela for.med . 10 (a rovidin SI|
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substrate surface and anneal 1 ng ni ckel alloy layer, hem ¢ oxi de
| ayer and t R@pmpsiate shemiad etghamt todeave edtransistosr khazlngaaoalr@@@@tenang to

claim 23 wh in the ni silic I d b . QWi N elayer
of “chem cal Snaeedind e Rittier sfbSBniRE el Jayer Rl ek it foB5reYe

A nodified shéreean substrate according to claim?24 wherein the nickel 20
silicide layer was forned by growing the |ayer of chem cal oxide on the

substratg surfac@itheught ihis OMES afardidsl abplitgtich3has2Beert d@sbribeadwithl i con
substrate according to any one of clains 23 to 25 wherein the nickel

silicide | ay@fuere@@ t%meefdsbprﬁerme@metbod.h@erﬁeﬂoed Rrrefested meéhod dgvalvieg
h | h
o o vk 16 S B PV "6 L BB, 708 Burkd) gfBFang groi

chemni cal oxwd@ohe,ymaytadsdbemsed.dl ffusion msrrbr ane on the substrate surface,
the diffusion nmenbrane being forned fromthe 17 reaction between the

oxi de-reacting mitt evil dde apprediatetheryy patsomsi diilleanich the )anti thikhel numhenseist r om
the nickel alloy |la er to di fusethro ghthe di ffusi on nenbrane and react
with thd5si VAHB gg/patnéocp cationg, may 'b¢'made to the invention as shown In the

specmc embodiments without departing from the spirit or scope of the invention
as broadly described. The present embodiments are, therefore, to be

considered in all respects as illustrative and not restrictive.



5 nickel silicide layer on the substrate surface, beneath the diffusion
menbrane. 27. A nodified silicon substrate according to claim26 wherein
the nickel silicide |layer was formed by the nickel atons diffusing through
t he di ffusion nmenbrane substantially uniformy. 28. A nodified silicon
substrate according to any one of clains 16 to 27 wherein the nickel
silicide layer is a substantially flat nlZkel silicide |ayer. 15 29. A
met hod for formng a nickel silicide |ayer on a silicon substrate
Subst anti al IGlaiass:descri bed herein with reference to the acconpanyi ng
figures and exanples. .A _. AAy. AU. AA AA9. AA . AA
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3. A method according to claim 1 or claim 2 wherein the oxide-reacting

material is selected from the group consisting of:
20 (a) Titanium; and

(b) Tantalum.

4, A method according to any one of the preceding claims wherein the
nickel alloy layer comprises 80 to 98% nickel and 2 to 20% oxide-reacting

25 material.

5. A method according to claim 4 wherein the nickel alloy layer comprises

about 95% nickel and about 5% oxide-reacting material.
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8. A method according to any one of the preceding claims wherein the
10 step of depositing the layer of the nickel alloy on the substrate surface
comprises depositing the layer by a technique selected from:

(a) sputtering;
(b) e-beam evaporation; and

(c) thermal evaporation.

15
9. A method according to any one of the preceding claims wherein the
step of providing a silicon substrate having a surface comprises the steps of:
(a) providing a silicon substrate having a surface; and
(b) growing a layer of chemical oxide on the substrate surface.
20
10. A method according to claim 9 wherein the step of growing the layer of
chemical oxide on the substrate surface comprises growing a layer of silicon
oxide to a thickness of 5 to 20A.
25 11, A method according to claim 10 wherein the step of growing the layer

of silicon oxide on the substrate surface comprises growing the layer to a
thickness of 12 to 13A.
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10 diffusion membrane and react with the silicon substrate to form a
nickel silicide layer on the substrate surface, beneath the diffusion

membrane.

13. A method according to claim 12 wherein the nickel atoms diffuse
15  through the diffusion membrane substantially uniformly.

14. A method according to claim 12 or claim 13 wherein the nickel silicide
layer is a substantially flat nickel silicide layer.

20 15. A modified silicon substrate comprising a silicon substrate having a
surface and a layer of nickel silicide on the substrate surface, the modified
substrate having been formed by the method defined in any one of claims 1 to
14,

25 16. A modified silicon substrate comprising:
(a) a silicon substrate having a surface;

(b) a layer of nickel silicide on the substrate surface, the nickel

silicide layer having been formed by:
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10 17. A modified silicon substrate according to claim 16 wherein the oxide-

reacting material is selected from the group consisting of:
(a) Titanium; and

(b) Tantalum.

15 18. A modified silicon substrate according to claim 16 or claim 17 wherein
the nickel alloy layer comprises 80 to 98% nickel and 2 to 20% oxide-reacting

material.

19. A modified silicon substrate according to claim 18 wherein the nickel
20 alloy layer comprises about 95% nickel and about 5% oxide-reacting material.

20. A modified silicon substrate according to any one of claims 16 to 19
wherein the nickel silicide layer was formed by annealing the nickel alloy layer
and the substrate at temperatures ranging from 400°C to 700°C.

25

21. A modified silicon substrate according to claim 20 wherein the nickel
silicide layer was formed by annealing the nickel alloy layer and the substrate
at temperatures ranging from 450°C to 550°C.
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23. A modified silicon substrate according to any one of claims 16 to 22

wherein the nickel silicide layer was formed by:
10 (a) providing a silicon substrate having a surface; and
(b) growing a layer of chemical oxide on the substrate surface

prior to depositing the layer of nickel alloy on the substrate surface and
annealing the nickel alloy layer, the chemical oxide layer and the substrate.

15 24, A modified silicon substrate according to claim 23 wherein the nickel
silicide layer was formed by growing the layer of chemical oxide on the
substrate surface to a thickness of 5 to 20A.

25. A modified silicon substrate according to claim 24 wherein the nickel
20 silicide layer was formed by growing the layer of chemical oxide on the
substrate surface to a thickness of about 12 to 13A.

26. A modified silicon substrate according to any one of claims 23 to 25
wherein the nickel silicide layer was formed by annealing the nickel alloy layer,

25 the chemical oxide layer and the substrate thereby causing:

(i) the oxide-reacting material in the nickel alloy layer to react with
the chemical oxide layer to form a diffusion membrane on the
substrate surface, the diffusion membrane being formed from the
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27. A modified silicon substrate according to claim 26 wherein the nickel
silicide layer was formed by the nickel atoms diffusing through the diffusion
10  membrane substantially uniformly.

28. A modified silicon substrate according to any one of claims 16 to 27
wherein the nickel silicide layer is a substantially flat nickel silicide layer.

15 29. A method for forming a nickel silicide layer on a silicon substrate
substantially as described herein with reference to the accompanying figures

and examples.



